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COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a cornmunication system 
having a plurality of nodes connected to a common transmission 
line. 

2 . Description of the Related Art 

In a conventional communication system, as shown in Fig. 
1 , a plurality of nodes , i.e., transmission/reception circuits 
3i through 3n are connected to two-wire type transmission lines 
1 and 2 . All of the transmission/reception circuits 3i through 
3n have the same configuration . A positive potential Vcc (e.g. , 
5 V) is supplied to one end of the transmission line 1 through 
a terminating resistor 4, and the positive potential Vcc is 
similarly supplied to the other end of the transmission line 

1 through a terminating resistor 5 . A ground potential Vg 
(e.g., 0 V) is supplied to one end of the transmission line 

2 through a terminating resistor 6, and the ground potential 
Vg is similarly supplied to the other end of the transmission 
line 2 through a terminating resistor 7 . 

In the transmission/reception circuit 3i, bidirectional 
input/output filter 11 is connected to the transmission lines 
1 and 2 through a connector 12. Transmission signals are 
separately supplied through a non- inverting amplifier circuit 
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13 and an inverting amplifier circuit 14 to connection 
terminals Bl and B2 of the input/output filter 11 located 
opposite to terminals Al and A2 thereof connected to the 
transmission lines 1 and 2. Bias circuits 17 and 18 are 
connected to the connection terminals Bl and B2 of the filter 
11 through respective AC coupling circuits 15 and 16 which are 
formed by a resistor and a capacitor. Signals provided by the 
bias circuits 17 and 18 are passed through a differential 
amplifier 19 to provide a reception signal. 

When a transmission signal is output, the transmission 
signal is amplified by the non-inverting amplifier circuit 13 
and is inverted and amplified by the inverting amplifier 
circuit 14. Transmission signals in opposite phases are 
supplied from the non- inverting amplifier circuit 13 and 
inverting amplifier circuit 14 to the filter 11. The filter 
11 performs low-pass filtering of those transmission signals 
separately. The transmission signal output by the non- 
inverting amplifier circuit 13 is supplied to the transmission 
line 2 through the filter 11, and the transmission signal output 
by the inverting amplifier circuit 14 is supplied to the 
transmission line 1 through the filter 11. 

A signal transmitted over each of the respective 
transmission lines 1 and 2 is supplied to the filter 11, and 
the filter 11 performs low-pass filtering of those transmission 
signals separately to output the signals to the AC coupling 
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circuits 15 and 16. The AC coupling circuits 15 and 16 extract 
AC components in the transmission signals and supplies the 
components to the bias circuits 17 and 18. 

For example, when a signal A transmitted over the 
transmission line 1 and a signal B transmitted over the 
transmission line 2 have respective opposite phases to each 
other as shown In Fig. 2A, the bias circuit 17 applies a bias 
voltage to the transmission signal A to provide a biased signal 
BIASA and the bias circuit 18 applies a bias voltage to the 
transmission signal B to provide a biased signal BIASB as shown 
in Fig. 2B. The signals output by the bias circuits 17 and 
18 are detected by the differential amplifier 19 as a reception 
signal as shown in Fig. 2C. 

When the transmission line 1 is broken, since only the 
signal B is transmitted over the transmission line 2, the biased 
signal BIASB provided by applying a bias voltage to the signal 
B transmitted over the transmission line 2 changes similarly 
to the way the signal B changes, while the biased signal BIASA 
remains constant without changing as shown in Fig. 2D, At the 
differential amplifier 19, the constant biased signal BIASA 
is compared with the biased signal BIASB to provide a reception 
signal as shown in Fig. 2E. Similar situations occur when the 
transmission line 1 is grounded and when the transmission line 
2 is broken or grounded. 

If the bias circuits 17 and 18 are not provided, the 
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signals A and B input to the differential amplifier 19 will 
appear as shown in Fig. 2F when the transmission line 1 is broken, 
which disables the detection of a reception signal. 

The configuration and operation of the 
transmission/reception circuits 32 through 3n are the same as 
those of the transmission/reception circuit 3i described above . 
A conventional communication system as described above is 
disclosed, for example, in Japanese unexamined patent 
publication No. H3 -171849. 

As shown in Fig. 3, an equivalent circuit of the two-wire 
type transmission lines 1 and 2 can be represented by a 
resistance RO, inductance LO and capacitance CO per unit 
length. 

A capacitance CI also exists in each of the 
transmission/reception circuits 3i through 3n as shown in Fig. 
4. The rising edge and the falling edge of a transmission 
signal undergo transient changes under influence of those 
capacitances. Referring to the transmission line 1, the 
resistance R of the terminating resistors 4 and 5 and the 
capacitance C consisting of the capacitances CO and CI 
cooperate to form a time constant to cause transient changes 
in the rise and fall of the waveform of a signal transmitted 
over the transmission line 1 as shown in Fig. 6. 

However, when there is a break somewhere in the 
transmission line 1 for example, since the resistance R is 
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doubled, the time constant is also doubled if any change of 
the capacitance C is ignored. As a result, the waveform of 
the signal transmitted over the transmission line 1 becomes 
significantly less sharp. This similarly occurs in the case 
of poor contact between each transmission/reception circuit 
and the transmission line 1, and the waveform of a transmission 
signal is significantly affected by the time constant in the 
case of line breakage or poor contact not only in the 
transmission line 1 but also in the transmission line 2. A 
problem has arisen in a transmission/reception circuit in that 
it is impossible to accurately obtain a reception signal from 
a transmission signal having a transient waveform under such 
influence of a large time constant without decreasing the 
communication speed. 

OBJECT AND SUMMARY OF THE TNVENTTON 

It is therefore an object of the invention to provide 
a communication system and a reception circuit therefor which 
can accurately obtain a reception signal from a signal 
transmitted over two -wire type transmission lines without 
significantly decreasing the communication speed. 

A communication system according to the invention is a 
communication system utilizing two-wire type transmission 
lines for transmitting transmission signals in opposite phases, 
characterized in that it has a plurality of nodes connected 
to the two -wire type transmission lines and in that each of 
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the nodes incorporates terminating resistors associated with, 
the two-wire type transmission lines. 

In such a communication system according to the 
invention, since each of the nodes incorporates terminating 
resistors associated with the two-wire type transmission lines , 
no increase in the time constant occurs in the transmission 
lines when viewed from a node even when there is a break of 
one of the transmission lines or poor contact between the node 
and the transmission line, which makes it possible to 
accurately obtain a reception signal from a signal transmitted 
over the two -wire type transmission lines without any reduction 
in the communication speed. 

A communication system according to the invention has 
a reception circuit as a node for receiving a transmission 
signal, and the reception circuit has an AC coupling circuit 
for extracting AC components in a transmission signal input 
through a transmission line, a bias circuit for applying a bias 
voltage to the signal output of the AC coupling circuit, and 
a clip circuit for clipping the level of the signal output from 
the bias circuit, which are provided for each of the two -wire 
type transmission lines. 

In such a communication system according to the 
invention, the characteristics of a trailing edge of a 
reception signal can be improved even in the case of reception 
of a transmission signal having a transient waveform under the 
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influence of a large time constant, which allows communication 
at a high speed. 

The reception circuit of the invention is a reception 
circuit for receiving a transmission signal in a communication 
system utilizing two-wire type transmission lines for 
transmitting transmission signals in opposite phases, 
characterized in that it has an AC coupling circuit for 
extracting AC components in a transmission signal input through 
the transmission lines, a bias circuit for applying a bias 
voltage to a signal output from the AC coupling circuit, and 
a clip circuit for clipping the level of a signal output from 
the bias circuit, which are provided for each of the two -wire 
type transmission lines. 

With a reception circuit having such a configuration, 
the characteristics of the trailing edge of a reception signal 
can be improved even in the case of reception of a transmission 
signal having a transient waveform under the influence of a 
large time constant, which makes it possible to configure a 
reception circuit capable of communication at a high speed. 
BRIEF DESRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional communication 
system. 

Figs . 2A through 2F are waveform diagrams showing signal 
transmission in a conventional communication system. 

Fig. 3 is a diagram showing a circuit equivalent to 
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two-wire type transmission lines. 

Fig. 4 is a diagram showing capacitances in a 
transmission/reception circuit. 

Fig. 5 is a diagram showing a time constant circuit in 
a transmission line as viewed from a receiving end. 

Fig. 6 is a diagram showing a waveform of a transmission 
signal . 

Fig. 7 is a block diagram of an embodiment of the 
invention. 

Figs. 8A and 8B are diagrams showing waveforms of 
transmission signals . 

Figs. 9A and 9B are waveform diagrams showing a clipping 
operation. 

Figs. lOA and lOB are waveform diagrams showing a 
clipping operation at the time of breakage of a transmission 
line. 

Fig. 11 is a circuit diagram showing a specific 
configuration of a transmission/reception circuit. 

DETAILED DESCRIPTION OF PREFRRRKD EMBODIMENT 

An embodiment of the invention will now be described in 
detail with reference to the drawings. 

Fig. 7 shows a communication system according to the 
invention in which parts identical to those in the conventional 
communication system shown in Fig. 1 are indicated by like 
reference numbers. No terminating resistor is directly 
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connected to two-wire type transmission lines 1 and. 2. In a 
transmission/reception circuit 3i, an inverting amplifier 
circuit 14 and an AC coupling circuit 15 are connected to a 
connection terminal Bl of a filter 11 located opposite to 
terminals Al and A2 connected to the transmission lines 1 and 
1. and a non-inverting amplifier circuit 13 and an AC coupling 
circuit 16 are connected to a connection terminal B2, wtiich 
has a configuration similar to that of a conventional system. 
In the communication system according to the invention, however, 
a distributed termination circuit 21 is further connected to 
the connection terminals Bl and B2 . The distributed 
termination circuit 21 is formed by terminating resistors 22 
and 23. The terminating resistor 22 is provided to supply a 
positive potential Vcc to the connection terminal Bl, and the 
terminating resistor 23 is provided to supply a ground 
potential Vg to the connection terminal B2 . 

Bias circuits 17 and 18 and clip circuits 24 and 25 are 
connected to lines LI and L2 extending from the AC coupling 
circuits 15 and 16 to a differential amplifier 19. The clip 
circuit 24 limits a biased signal BIASA on the line LI to a 
first clip level CLIPl when the biased signal BIASA otherwise 
would fall below the first clip level CLIPl, and the clip 
circuit 25 limits a biased signal BIASB on the line L2 to a 
second clip level CLIP2 when the biased signal BIASB otherwise 
would exceed the second clip level CLIP2. 
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Transmission/reception circuits 82 through 3n have the 
same configuration as that of the transmission/reception 
circuit 3i described above. 

In the communication system having the above -described 
configuration, when a transmission signal is output, the 
transmission signal is amplified by the non-inverting 
amplifier circuit 13 and is inverted and amplified by the 
inverting amplifier circuit 14. Transmission signals in 
opposite phases are supplied from the non-inverting amplifier 
circuit 13 and inverting amplifier circuit 14 to the filter 
11. The filter 11 performs low-pass filtering of those 
transmission signals separately. The transmission signal 
output by the non- inverting amplifier circuit 13 is supplied 
to the transmission line 2 through the filter 11, and the 
transmission signal output by the inverting amplifier circuit 
14 is supplied to the transmission line 1 through the filter 
11. 

A signal transmitted over each of the respective 
transmission lines 1 and 2 is supplied to the filter 11, and 
the filter 11 performs low-pass filtering of those transmission 
signals separately to output the signals to the AC coupling 
circuits 15 and 16 . The AC coupling circuits 15 and 16 extracts 
AC components in the transmission signals and supplies the 
components to the bias circuits 17 and 18. 

Such a mode of transferring transmission signals is 
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similar to that in a conventional communication system. 

Normally, a rising and falling waveform of the 
transmission signal is obtained on the transmission line 1 or 
2 as shown in Fig. 8A. A total resistance R of the resistor 

22 or 23 in each of the transmission/reception circuits 3i 
through 3n and a capacitance C consisting of capacitances CO 
and CI as described above act on the waveform to impose a time 
constant on the transmission line 1 as viewed from each of the 
transmission/reception circuits 3i through 3n. 

In the communication system according to the invention, 
however, since the terminating resistors 22 and 23 are provided 
in each of the transmission/reception circuits 3i through 3n, 
any increase in the time constant can be prevented by the 
terminating resistor 22 in each of the transmission/reception 
circuits 3i through 3n, for example, when there is a break 
somewhere in the transmission line 1. Specifically, a 
resistance R of a terminating resistor directly connected to 
the transmission line 1 as seen in a conventional communication 
system is doubled in such a case, which also doubles the time 
constant. On the contrary, in the communication system 
according to the invention, the terminating resistors 22 and 

23 provided in each of the transmission/reception circuits 3i 
through 3n prevent the time constant from being increased, e.g., 
doubled when the transmission line is broken. As a result, 
substantially no change occurs in the rising and falling 
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waveforms of signals transmitted over the transmission lines 
1 and. 2 as shown in Fig. 8B. In the transmission/reception 
circuits 3i through 3n, it is therefore possible to obtain an 
accurate reception signal from a transmission signal even when 
there is a break of the transmission line. The broken line 
in Fig. 8B represents a waveform that appears when there is 
a break in a transmission line in a conventional communication 
system. 

Increase in the time constant can be similarly prevented 
also in the case of poor contact between each of the 
transmission/reception circuits 3i through 3n and the 
transmission line 1 or 2 , and a transmission/reception circuit 
can obtain an accurate reception signal from a transmission 
signal . 

Further, in the communication system according to the 
invention, the clip circuits 24 and 25 are connected to the 
lines LI and L2 extending from the AC coupling circuits 15 and 

16 to the differential amplifier 19 along with the bias circuits 

17 and 18. The clip circuit 24 limits a biased signal BIASA 
on the line LI to a first clip level CLIPl as indicated by the 
solid line Yl in Fig. 9A when the biased signal BIASA otherwise 
would fall below the first clip level CLIPl as indicated by 
the broken line XI in Fig. 9A, and the clip circuit 25 limits 
a biased signal BIASB on the line L2 to a second clip level 
CLIP2 as indicated by the solid line Y2 in Fig. 9A when the 
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biased signal BIASB otherwise would exceed the second clip 
level CLIP2 as indicated by the broken line X2 in Fig. 9A. 

The clip circuits 24 and 25 causes the characteristic 
trailing edges of the transmission signals indicated by the 
solid line Yl and Y2 to change earlier than the characteristic 
trailing edges indicated by the broken lines XI and X2 by time 
T. Therefore, the differential amplifier 19 outputs a 
reception signal waveform as indicated by the solid line Y3 
in Fig. 9B which is a pulse waveform rising earlier than a 
waveform (indicated by the broken line X3) that is generated 
without the clip circuits 24 and 25 by time T. This makes it 
possible to improve the characteristics of a trailing edge of 
the reception signal. 

When there is a break in the transmission line 1, since 
only the signal B is transmitted over the transmission line 
2 , the biased signal BIASB is obtained as a result of 
application of a bias voltage to the signal B transmitted over 
the transmission line 2 with the biased signal BIASA remaining 
constant and unchanged, as shown in Fig. lOA. In this case, 
the clip circuit 25 again limits the biased signal BIASB on 
the line L2 to the second clip level CLIP2 as indicated by the 
solid line Y2 in Fig. lOA when the biased signal BIASB on the 
line 2 otherwise would exceed the second clip level CLIP2 as 
indicated by the broken line X2 in Fig. lOA. The differential 
amplifier 19 compares the level indicated by the solid line 
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2 with the constant biased signal BIASA to provide a reception 
signal which decreases earlier as shown in Fig. lOB. This 
makes it possible to improve the characteristics of a trailing 
edge of the reception signal. 

Fig. 11 shows an example of a specific configuration of 
the filter 11, non-inverting amplifier circuit 13, inverting 
amplifier circuit 14, bias circuits 17 and 18 and clip circuits 
24 and 25 in the above -described transmission/reception 
circuit. Specifically, the filter 11 is formed by resistors 
31 through 34 and capacitors 35 and 36. The non-inverting 
amplifier circuit 13 has resistors 41 and 42, a PNP transistor 
43 and a diode 44, and the inverting amplifier circuit 14 has 
resistors 46 and 47, an NPN transistor 48 and a diode 49. The 
bias circuit 17 is formed by resistors 51 through 53 and a PNP 
transistor 54, and the bias circuit 18 is formed by resistors 
56 through 58 and an NPN transistor 59. The clip circuit 24 
is formed by resistors 61 through 63, a PNP transistor 64 and 
a diode 65, and the clip circuit 25 is formed by resistors 66 
through 68, a PNP transistor 69 and a diode 70. 

While a node was described as a transmission/reception 
circuit in the above embodiment, separate nodes may serve as 
a transmission circuit and a reception circuit. 

As described above, according to the invention, since 
each node incorporates terminating resistors associated with 
two -wire type transmission lines, no increase occurs in the 
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time constant of the two-wire type transmission lines as viewed 
from the node even when there is a break in one of the 
transmission lines or poor contact between the node and the 
transmission line. It is therefore possible to accurately 
obtain a reception signal from a signal transmitted over the 
two-wire type transmission lines without any significant 
reduction in the communication speed. 

According to the invention, there is provided an AC 
coupling circuit for extracting AC components in a transmission 
signal input through a transmission line, a bias circuit for 
applying a bias voltage to the signal output from the AC 
coupling circuit and a clip circuit for clipping the level of 
the signal output from the bias circuits which are associated 
with each of the two-wire type transmission lines. This makes 
it possible to improve the characteristics of the trailing edge 
of a reception signal even when a transmission signal having 
a transient waveform under influence of a large time constant 
is received, which allows high speed communication. 
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What is claimed is 



1. A communication system utilizing two-wire type 
transmission lines for transmitting transmission signals in 
opposite phases, comprising: 

a plurality of nodes connected to said two -wire type 
transmission lines; and 

a terminating resistor incorporated in each of said 

nodes . 

2. A communication system according to Claim 1, wherein 
said terminating resistor comprises a first terminating 
resistor for supplying a first predetermined potential to one 
of said two -wire type transmission lines and a second 
terminating resistor for supplying a second predetermined 
potential to the other of said two-wire type transmission 
lines . 

3. A communication system according to Claim 1, said 
nodes comprising a reception circuit for receiving said 
transmission signals, said reception circuit comprising: 

an AC coupling circuit for extracting AC components in 
a transmission signal input through said transmission lines; 

a bias circuit for applying a bias voltage to the signal 
output from said AC coupling circuit; and 

a clip circuit for clipping the level of a signal output 
from said bias circuit associated with each of said two-wire 
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type transmission lines. 

4. A reception circuit for receiving a transmission 
signal in a communication system utilizing two-wire type 
transmission lines for transmitting transmission signals in 
opposite phases, comprising: 

an AC coupling circuit for extracting AC components in 
a transmission signal input through said transmission lines; 

a bias circuit for applying a tolas voltage to a signal 
output from said AC coupling circuit ; and 

a clip circuit for clipping the level of a signal output 
from said bias circuit associated with each of said two-wire 
type transmission lines . 
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ABSTRACT OF THE DISCLOSURE 

A communication system in which a reception signal can 
be accurately obtained from a signal transmitted over two- 
wire type transmission lines without any significant reduction 
in the communication speed. The communication system 
utilizing two -wire type transmission lines for transmitting 
transmission signals in opposite phases has a plurality of 
nodes connected to the two-wire type transmission lines, and 
each of the nodes incorporates terminating resistors acting 
upon the two-wire type transmission lines. A node which 
includes a reception circuit for receiving a transmission 
signal has an AC coupling circuit for extracting AC components 
in a transmission signal input through the transmission lines, 
a bias circuit for applying a bias voltage to a signal output 
from the AC coupling circuit and a clip circuit for clipping 
the level of a signal output from the bias circuit, which are 
provided at each of the two-wire type transmission lines. 
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application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, §1 12, 1 acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those 
identified herein. 



(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented,pending,aband.) 



POWER OF ATTORKEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 



James E. Cockfield 
Thomas V. Smurzynski 
Ralph A. Loren 
Giulio A. DeConti, Jr. 
Ann Lamport Hammitte 
Elizabeth A. Hanley 
Amy E. Mandragouras 
Anthony A. Laurentano 
Jane E. Remillard 
Jeremiah Lynch 
Kevin J. Cannmg 
David A. Lane, Jr 
Catherine J. Kara 



Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 31,503 
Reg. No. 34,858 
Reg. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Reg. No. 38,872 
Reg. No. 17,425 
Reg. No. 35,470 
Reg. No. 39,261 
Reg. No. 41,106 



Jeanne M. DiGiorgio 
Megan E. Williams 
Nicholas P. Triano ill 
Peter C. Lauro 
Timothy J. Douros 
DeAnn F. Smith 
William D. DeVaul 
David J. Rikkers 
Chi Suk Kim 

Maria Laccotripe Zacharakis 

Debra J. Milasincic 
David R. Bums 



Reg. No. 41,710 
Reg. No. 43,270 
Reg. No. 36,397 
Reg. No. 32,360 
Reg. No. 41,716 
Reg. No. 36,683 
Reg. No. 42,483 
Reg. No. 43,882 
Reg. No. 42,728 
Limited Recognition 
Under 37 CP R. § 10.9(b) 
Reg, No. P46,931 
Reg. No. P46,590 



Send Correspondence to _ 



. at Customer Number: 000959 whose address 



Lahive & Cockfield. LLP. 28 State Street. Boston. MA 02109 
Direct Telephone Calls to: (name and telephone number) 
.(617) 227-7400 



Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on inibrmation and belief are believed to be true; and fiirther that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Titie 18 of the United States Code and that 
such willflil false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Full name of sole or first inventor 



Yujl NAGATMI 



Inventor's signature /7 /n Date 



Residence 

Wako-shi, Saitama, Japan 



Citizenship 

Japanese 



Post Office Address (if different) ^/o KABUSHIKI KAISHA HONDA GIJUTSU KENKYUSHO, 
4-1, ChuG l-chotne, Wako-shi, Saitama, Japan 



Full name of second inventor, if any 

Kazuya IWAMOTO 



Inventor's signature ^ Date 



Residence 

Wako-shi, Saltama, Japan 



Citizenship 

Japanese 



Post Office Address (if different) c/o KABUSHIKI KAISHA HONDA GIJUTSU kenkyusho, 4-l 
Cbuo 1-chome, Wako-shi, Saitama, Japan 



Full name of third inventor, if any 

Hiroshi HASHIMOTO 



Inventor's signature . Date . 



Residence 

Wako-shi, Saitama, Japan 



Citizenship 

Japanese 



Post Office Address (if different) c/o KABUSHIKI KAISHA HONDA GIJUTSU KENKYUSHO, 4-1 
Chuo 1-chome, Wako-shi, Saitama, Japan 



Full name of fourth inventor, if any 



Inventor's signature 



Citizenship 



Post Office Address (if different) 



